True Shallot Seed (TSS) is a planting material for shallots in the forms of seeds. It shows a visual appearance of the fresh green shoot even though in the harvest season. This condition indicates that TSS still has potential assimilates which should be optimized for bulbs formation. Paclobutrazol is increasing assimilate translocation from source to sink by activating the sucrose transporter enzyme and changing the phytohormones balance. The study aimed to find out how paclobutrazol increased bulb yield on TSS by analyzing the closeness in the relationship between and the influence of physiological property variables and growth analysis. The study was conducted at Universitas Gadjah Mada experimental field, Yogyakarta, from September to November 2017. It was arranged in a Randomized Complete Block Design with three replications. The first factor included the paclobutrazol concentration (0, 15, 30 and 45 mg L -1 ), while the second one included TSS cultivars (Tuk Tuk, Sanren and Lokananta). Correlation and regression were used in the data analysis. The results revealed that paclobutrazol significantly affected the physiological properties and the growth of TSS, instead of cultivars. Regression analysis showed that the effect of the concentration of the applied paclobutrazol formed quadratic pattern, where most observed variables had a positive correlation with shallot productivity. Paclobutrazol increased bulb yield by maintaining shoot biomass duration (SBD) and chlorophyll content which had a positive and linear effect on plant growth rate (PGR). The PGR might increase bulb yield per planting hole and indirectly increase its productivity. Paclobutrazol application at 15-30 mg L -1 could be used to improve bulb yield in TSS.
INTRODUCTION
Shallot commodities with high economic value influence the rate of inflation. In Indonesia, shallots are cultivated intensively in 34 provinces with a total harvested area in 2017 of 158,172 ha with the total production of 1,470,154 tons (the Central Bureau of Statistics (BPS, 2018) . Several problems still hamper the development of cultivation in Indonesia. Those problems include the unavailability of seeds with good quality Seed (TSS) as an alternative substitution of the bulbs as the planting materials. TSS is known to have higher productivity, fewer seed needs, more efficient distribution and storage of seeds, the longer shelf life of seeds and higher resistance to viruses and seed infectious diseases (Pangestuti and Sulistyaningsih, 2011) .
Such cultivars as Tuk Tuk, Sanren and Lokananta are superior shallots cultivars produced by the East West Seed Indonesia Ltd. They have been registered in the Ministry of Agriculture of the Republic of Indonesia with the numbers: 361/Kpts/SR.120/5/2006; 072/Kpts/ SR.120/D.2.7/7/2013; and 059/Kpts/SR.120/ D.2.7/6/2017. Tuk Tuk can adapt well in lowlands with an altitude of 20-220 m.a.s.l. and is very well planted in the dry season (the Ministry of Agriculture of the Republic of Indonesia, 2006) . Sanren can be produced well when planted in the dry or rainy season. It has high productivity and requires the medium bulb size. In addition, it is resistant to leaf blight disease which often attacks during the rainy season, adapts well in lowlands with an altitude of 50-100 m.a.s.l (the Ministry of Agriculture of the Republic of Indonesia, 2013). Meanwhile, Lokananta has fusarium wilt resistance and high production and is suitable to be planted in lowlands (the Ministry of Agriculture of the Republic of Indonesia, 2017) .
TSS has shoots that do not experience senescence even after entering the harvest season. This means that the shoots still have a high assimilate potential that is large enough to be translocated for bulb formation. Bulb formation is influenced by the balance of stimulator and inhibitor hormones in plants. The presence of growth inhibitors is needed to focus energy on bulbs formation. Paclobutrazol is one of the growth retardants that can be used to regulate shoot growth and transfer photosynthetic energy to bulb formation (Ibrahim et al., 2015) .
The paclobutrazol application is known to increase the activities of the sucrose transporter enzyme which plays a role in the translocation of sucrose from source to sink (Lee and Huang, 2013; Dewi and Darussalam, 2018) . It decreases chlorophyllase activities because plants synthesize more cytokinins . High content of chlorophyll and a slow degradation rate cause the photosynthetic activity of plants to run well, and the plants have a longer duration of the photosynthetic activity. The longer duration of the photosynthetic activity is expected to increase the yield on accumulated assimilates which will be translocated for bulbs formation. The increase in cytokinin synthesis is present due to the inhibition of gibberellin biosynthesis resulting in a secondary pathway. Cytokinins are known to be hormones that can support the bulbing process (Ni'mah et al., 2012) . Research on several horticultural plants including peanut, mango, corn, carrot, potato and cassava showed that paclobutrazol can regulate shoot growth, biomass distribution, and finally increase yield (Senoo and Isoda, 2003; Nafeeset al., 2010; Lolaei et al., 2013; Wang et al., 2015; Mabvongwe et al., 2016; Panyapruek et al., 2016) .
Attempts to increase the productivity of shallots in the context of fulfilling national consumption and seed needs have been made by the government. They include sustainable intensification programs, namely cultivation by GAP/SOP (the application of appropriate pesticides and fertilization), seed development, and also extensification with the use of marginal land and off-season cultivation. Increased productivity can also be done through the use of paclobutrazol. Based on the previous studies (Silva et al., 2003; Singh et al., 2005; Kishore et al., 2015) , the use of paclobutrazol at the recommended/optimum doses and the right application time has neither affected soil microbial, nor dehydrogenase activity. Application at proper dose will maintain soil health and soil properties so that it will support sustainable farming systems.
However, such attempts to increase shallot productivity can be supported if seeds are available at all times. Therefore, the government encourages farmers to plant shallots using TSS instead of bulbs. Studies to increase the productivity of TSS are essential. This is also based on the fact that currently there is not much research on TSS that has been conducted. Research on the effectiveness of paclobutrazol in influencing growth in TSS has not yet been carried out. Also, previous research on the paclobutrazol application in some plants, particularly on the relationship between and influence of changes in physiological variables and growth of the yield, has not yet been discussed in detail. Therefore, it is necessary to deeply analyze the relationship between variables on the effectiveness of paclobutrazol in influencing plant growth activities to result in optimal TSS production.
MATERIALS AND METHOD
The planting materials used in the study were such TSS cultivars as Tuk Tuk, Sanren and Lokananta. TSS was sown in soil blocks size of 2.5 cm x 2.5 cm x 2.5 cm. TSS seeds were transplanted at 40 days after seedling. Test plot sized 1.4 m x 1.6 m with a spacing of 10 cm x 10 cm and each planting hole had two plants. The planting was carried out from September to November 2017 in the experimental field of Universitas Gadjah Mada, Yogyakarta. The 3x4 factorial research was compiled based on Randomized Complete Block Design with three replications. The first factor involved the paclobutrazol concentration of 0, 15, 30 and 45 mg L -1 , while the second factor included the TSS cultivars (Tuk Tuk, Sanren and Lokananta). The paclobutrazol used in the present study was a Patrol Brand (250 g L -1 ). Before being applied, the paclobutrazol was diluted to obtain a dose appropriate to the treatment with the principle of solution dilution using water. Paclobutrazol was applied at 20 day after planting (DAP) and 35 DAP by spraying 1,200 mL per plant-plot in the morning or approximately 5 mL per plant.
The physiological parameters including nitrate reductase activity (NRA) and the chlorophyll content was measured at 30 DAP and 70 DAP. The analysis of total chlorophyll content and NRA refers to the method developed by Bates et al. (1973) . Leaf chlorophyll content was observed by mashing 1 g of fresh leaves and mixing with 20 mL of acetone 80%. The filtrate was filtered and inserted in a cuvette to be tested using Spectronic 21D Milton Roy at λ=645 μm and 663 μm. The NRA was observed by cutting 0.2 g of fresh leaves (1 mm), inserting into a film tube containing 5 mL of phosphate buffer with pH 7.0 before being incubated for 24 hours. After the 24-hour incubation, it was replaced by 5 mL of a new buffer and 0.1 mL M of NaNO3 was added. The dye reagent solution (0.2 mL 1% SA in 3 N HCl and 0.2 mL 0.02% NED) was put into the test tube. After 2-hour incubation, 0.1 L of the filtrate was then placed in the test tube left for minimum 15 minutes or after a pink color appeared, 2.5 mL of aquadest was then added. The homogeneous solution was transferred to the cuvette and measured for its absorbance at λ=540 nm.
The yield components included the total dry weight of the plants (TDW), bulb weight per planting hole, and productivity calculated at 70 DAP. The TDW was calculated by weighing all parts of the plant (roots, shoot, bulbs) after being dried using an oven at 80℃ for 48 hours until the weight was constant. The bulb weight per planting hole was obtained by weighing the bulb weight of each planting hole when harvesting using a digital scale. The productivity calculation was carried out by making an observation plot area of 0.4 m x 0.8 m (32 planting holes) without border crops. The total bulb weight per plots area was weighed and the results were then converted to production per hectare. The calculation of plant growth analysis includes shoot biomass duration (SBD), plant growth regulator, leaf area index (LAI) and net assimilation rate (NAR) referring to Fageria et al. (2005) .
The data were analyzed using Pearson correlation and regression to find out the closeness in the relationship between the observed variables and the effects between variables, and how paclobutrazol could improve the yield (Gomez and Gomez, 1995) . Ms. Excel and the Statistical Analysis Software application (SAS version 9.4) were used in the data analysis (SAS Institute Inc., 2018).
RESULTS AND DISCUSSION
There was no interaction between the concentration of paclobutrazol application and TSS cultivars on all observed variables. The treatment of paclobutrazol had a significant effects on physiological and growth of shallots, but the effect of cultivars were no significant. At the paclobutrazol concentration of 15-30 mg L -1 , the increase in LAI and SBD was present and it maintained the stability of leaf chlorophyll content until harvest age. At the paclobutrazol concentration of 45 mg L -1 , the LAI value, SBD and leaf chlorophyll content tended to decrease when it was compared to plants applied with a paclobutrazol concentration of 15-30 mg L -1 . The paclobutrazol application affected the LAI, SBD, chlorophyll content, NRA, root surface area (RSA), NAR, plant growth rate (PGR) and bulb weight per plant of the shallots, in which these variables had a positive correlation with shallots productivity ( Table 1 ). The influence pattern of paclobutrazol was quadratic with a maximum peak point except in NRA variables which had a linear pattern (Figure 1 ). This indicated that the paclobutrazol application at optimum doses could maintain shoot biomass, leaf area, chlorophyll content, root and plant growth. Chlorophyll content had a close relationship with NRA (Fletcher and Gilley, 2000; Tsegaw, 2005) . The NRA was very significantly positively associated with the leaf chlorophyll content of shallot plants (r = 0.58, P < 0.01, n = 36). The NRA plays a role in the N assimilation process (Nouriyani et al., 2012) . Many N elements were needed as tissue forming elements, supporting plant metabolism and chlorophyll forming elements (Sareer et al., 2016) . The total leaf chlorophyll content of the plants applied with paclobutrazol with a concentration of 15-30 mg L -1 was still high compared to plants without the application (Figure 1 ). This indicated that the paclobutrazol application could maintain the greenness of the leaves. Paclobutrazol could stimulate the synthesis of cytokininin plants. Cytokinin plays a role in increasing chloroplast differentiation, chlorophyll biosynthesis and preventing chlorophyll degradation (Banon et al., 2002; Sarkar et al., 2004; Still and Pill, 2004) . Higher chlorophyll content and slower chlorophyll degradation will stimulate photosynthetic activities (Setia et al., 1995; Silva et al., 2013) . Photosynthate will be used for several plant needs including growth so that the PGR shows an increase. 0.32 ns 0.31 ns 0.17 ns 0.19 ns 0.72 ** 0.53 ** -0.21 ns 0.67 ** 0.55 ** 0.65 ** R12 (Productivity) 0.40 * 0.33 * 0.17 ns 0.19 ns 0.72 ** 0.53 ** -0.21 ns 0.67 ** 0.55 ** 0.65 ** 1.00 ** Note : ns = not significant; * = significant; ** = very significant; NRA; Chl (chlorophyll content); TDW; RSA; NAR; PGR; LAI; SBD; BWpH (Bulb weight per planting hole).
The biomass duration had a very significantly positive correlation with PGR (r = 0.68, P < 0.01, n = 36) ( Table 1) . The relationship between the SBD that was able to increase the PGR could be seen in the linear curve model (Figure 2) . The longer the plant maintains the shoot biomass, the higher the accumulation of assimilates is formed. The formed assimilate is used as food reserves stored in economical storage organs and functions as plant metabolism so that it supports the plant growth. The results of the present study were in line with Diepenbrock (2000) study which showed that the paclobutrazol application was able to increase the number of productive pods as a result of biomass accumulation during the vegetative phase and the translocation of biomass to plant storage organs. The linear curve equation of the relationship between the SBD and the growth rate on shallots with the paclobutrazol application was y = 0.0702x + 0.0855; R 2 = 0.9011, whereas that on shallots without the paclobutrazol application were y = 0.0916x -0.1389; R 2 = 0.824. The linear curve of shallots with the paclobutrazol application lied above the linear curve of shallots without the paclobutrazol application. This shows that the shoot biomass of shallots with the paclobutrazol application had a longer duration and higher PGR than that of shallots without the paclobutrazol application. Longer SBD will also have an impact on improvement leaf photosynthesis activity (Hunter and Proctor, 1992) . The paclobutrazol application resulted in an increase in LAI. In addition to chlorophyll content, the plants must be able to produce enough LAI quickly to absorb most of the light to obtain high yield so that the maximum dry weight production can be achieved. High LAI in plants illustrates the ability of plants to hold light radiation which plays a role in photosynthesis. Paclobutrazol increases chlorophyll content and specific leaf area so that it effectively improve photosynthesis (Tsegaw and Hammes, 2004; . There was a quadratic regression relationship between LAI and NAR of shallot plants from seed multiplication. Figure 3 explains that LAI will affect the NAR of shallots. The quadratic equation of the relationship between LAI at 30 DAP and the growth rate on shallots with the paclobutrazol application was y = -1.5618x 2 + 3.8804x -1.9387; R 2 = 1 and on shallots without the paclobutrazol application was y = -3.3247x 2 + 7.251x -3.5068; R 2 = 1. The quadratic curve of the shallots with the paclobutrazol application showed a higher peak point compared to the quadratic curve in shallots without the paclobutrazol application. This indicated that the paclobutrazol application increases the optimal LAI and the NAR of plants.
The NAR describes the capacity of plants to form biomass so that the NAR will affect biomass accumulation and its distribution (Gomathinayagam et al., 2007) .
Paclobutrazol showed a tendency to increase the NAR of shallots (Figure 1) . The NAR can be used to describe the results of plant dry weight. The increase in the NAR elevated very significantly the plant dry weight (r = 0.55, P < 0.01, n = 36). The relationship between the NAR and the TDW of plants formed a linear pattern on shallots with the paclobtrazol application with y = 35.643x -11.621; R 2 = 0.9973 and on shallots without the paclobutrazol application with y = 29.917x -8.9246; R 2 = 0.4802 (Figure 4) . The linear curve of shallots with the paclobutrazol application lied above the linear curve of shallots without the paclobutrazol application and had a higher slope. This showed that the paclobutrazol application could increase the NAR and TDW of shallots.
The leaf chlorophyll content of shallots was very significantly and positively correlated with the growth rate (r = 0.57, P < 0.01, n = 36) ( Table  1 ). The results of previous studies indicate that spraying paclobutrazol in plants was able to maintain the greenness of leaves so that they extend the duration of leaf photosynthesis. This condition will ultimately increase yield (Ghosh et al., 2010; Xuet al., 2013; Kuai et al., 2015) . Chlorophyll supports the photosynthetic activities because it functions to capture sunlight at certain wavelengths and then will be used as energy in light reactions for hydrolysis processes and ATP and NADPH energy producers. The chlorophyll content of plants showed a linear relationship to the PGR ( Figure 5 ). The linear curve equation on shallots with the paclobutrazol application was y = 1.0629x -0.070; R 2 = 0.9976 and on shallots without the paclobutrazol application was y = 1.2677x -0.214; R 2 = 0.6392. It showed that the paclobutrazol application was able to maintain a higher total leaf chlorophyll content thereby increasing the PGR. The PGR illustrates the ability of plants to produce dry material assimilated per unit area of land and time. The paclobutrazol application increased the PGR. The PGR was very significantly and positively correlated with bulb weight per planting hole (r = 0.67, P < 0.01, n = 36) (Table 1) and formed a linear relationship ( Figure 6 ). The increase in the PGR would be followed by an increase in bulb weight per planting hole. The linear curve of the relationship between PGR and bulb weight per planting hole on shallots with the paclobutrazol application (y = 74.658x + 10.078; R² = 0.9953) was located at a higher position with a greater slope than that on shallots without the paclobutrazol application (y = 23.006x + 35.024; R² = 0.8831). This indicated that the growth rate of shallots with the paclobutrazol application was higher than the growth rate of shallots without the paclobutrazol application and had an impact on increasing bulb weight per planting hole. In a previous study, an increase in NAR and PGR will spur an increase in biomass accumulation and finally lead to an increase in crop productivity (Barłóg and Grzebisz, 2004; Ruiz-Robleto and Villar, 2005; Sharma et al., 2007) .
In addition to inhibiting gibberellin synthesis, paclobutrazol also increases the synthesis of ABA and cytokinin, so it will affect biomass accumulation and allocation of biomass distribution to plant organs. Accumulation of biomass in economical plant organs will indirectly increase crop productivity (Gopi et al., 2007; Gomes et al., 2011; Assuero et al., 2012; Song et al., 2018) . Increasing bulb weight per planting hole will affect the productivity of shallots. The increase in bulb weight per planting hole was very significantly and positively correlated with an increase in shallot productivity (r = 1, P < 0.01, n = 36). The bulb weight per planting hole had a linear regression relationship (Figure 7) . The increase in bulb weight per planting hole would be followed by an increase in shallot productivity. The linear curve of the relationship between bulb weight per planting hole and the productivity of shallots with the paclobutrazol application was y = 0.7111x + 0.0018; R² = 1, while that of shallots without the paclobutrazol application was y = The increase in bulb weight as a result of the paclobutrazol application was possible because paclobutrazol increases assimilate translocation from shoot to bulbs by activating enzymes that play a role in sucrose translocation (Kuai et al., 2014; Wu et al., 2018) . Paclobutrazol can increase carbohydrate accumulation due to changes in morphogenesis, photosynthetic capacity and balance of phytohormones (Antonio et al., 2005; Zhen et al., 2012) . Changes in endogenous hormonal balance will affect changes in assimilate partitions in plant organs, resulting in changes in assimilate distribution from source to sink until a balance occurs (Vu and Yelenosky, 1992; Huang et al., 1995) . Changes in hormonal balance will also result in physiological and morphological changes in plants with the paclobutrazol application (Pal et al., 2016; Souza et al., 2016) . Manipulation of these physiological activities will result in an increase in the photosynthesis rate and photosynthate translocation so that it will increase plant productivity (Nie et al., 2001; Yadav et al., 2005) .
CONCLUSIONS
There was no interaction between the paclobutrazol concentration and the TSS cultivars on all observed variables. Paclobutrazol application influenced the TSS growth and yield, instead of cultivars. Paclobutrazol increased yield by improving the RSA and maintaining the SBD, the chlorophyll content and LAI which positively correlated with NAR and PGR. PGR had a positive correlation and a linear relationship with TDW and bulb weight per planting hole. The increase in PGR will be followed by an increase in bulb weight per planting hole and shallots productivity. The 15-30 mg L -1 paclobutrazol application was able to improve bulb yield. Nuraini, A., & Widayat, D. (2015) .
Pengaruh sitokinin dan paklobutrazol terhadap
